INTRODUCTION
============

Diabetes is a major health problem worldwide, and the incidence, prevalence, and mortality associated with diabetes have increased consistently ([@B1]). According to the World Health Organization and International Diabetes Federation, the number of patients with diabetes will increase from 135 million in 1995 to 300 million in 2025 ([@B2], [@B3]), an increase of more than twofold over the course of 30 yr.

Type 2 diabetes is a chronic disease that is always associated with long-term and life-threatening complications. These complications can be divided into two categories: macrovascular and microvascular complications. Macrovascular complications include cardiovascular, cerebrovascular, and peripheral artery obstructive disease. Microvascular complications include retinopathy, nephropathy, and neuropathy. Most patients with diabetes ultimately suffer from these complications.

With the increasing incidence of diabetes, the economic burden of diabetes, given its chronic nature, severe complications, and need for long-term care, has become an important public health issue ([@B4]). In particular, the management of microvascular and macrovascular complications accounts for a large portion of costs during diabetic care ([@B5]-[@B7]). The economic costs of diabetes have been well researched and recognized in the USA ([@B8]) and many developed countries of western Europe ([@B9]). However, few studies have been performed in developing Asian countries, including Korea.

The prevalence of type 2 diabetes is rapidly increasing in Asian countries, especially in Korea ([@B10]). The prevalence of type 2 diabetes is reported to be increasing at a rate of 7.9% among Koreans 20 to 79 yr of age ([@B11]). The economic burden of type 2 diabetes is also increasing in Korea. According to the Korea National Health and Nutrition Examination Survey, the aggregate annual direct costs of diabetes were 260 million dollars in 2009 ([@B12]).

The Korean National Diabetes Program (KNDP), a large, ongoing, prospective cohort study that begin in 2005, is aimed at investigating the pathophysiology of type 2 diabetes in Korean patients ([@B13]). This 9-yr study will provide clinical evidence on the pathophysiology of Korean patients with type 2 diabetes and patients with a high risk for type 2 diabetes. The goal of the KNDP is to develop accurate guidelines for the prevention and treatment of diabetes that will ultimately lead to increased quality of life and decreased mortality.

In this study, we used the KNDP data to analyze and compare the annual medical costs for type 2 diabetic patients with no complications and type 2 diabetic patients with microvascular complications, macrovascular complications, or both.

MATERIALS AND METHODS
=====================

Study population
----------------

Type 2 diabetic patients who were participants in the KNDP at six hospitals in Korea were enrolled. Inclusion criteria for the type 2 diabetic patients included: older than 20 yr of age, newly diagnosed with type 2 diabetes according to American Diabetes Association (ADA) criteria (in 2004) ([@B14]); and treatment with oral hyperglycemic agents, insulin, or lifestyle modification. Age, gender, duration of diabetes, height, weight, abdominal circumference, and blood pressure were recorded. Blood was drawn for a fasting blood glucose test, HbA1c assay, lipid profile determination, and other biochemical tests. Information on concurrent diseases such as hypertension and dyslipidemia, and a medical history, including macrovascular and microvascular complications, were collected for each patient through questionnaires, medical records, and examinations. Among the KNDP cohort, we analyzed 3,125 patients at six hospitals.

Identification of complications
-------------------------------

Macrovascular complications consisted of myocardial infarction, angina, other cardiovascular complications with congestive heart failure, cerebral infarction, peripheral arterial obstructive disease (PAOD), and amputation of extremities. PAOD was determined only after diagnosis by angiography. Microvascular complications consisted of diabetic retinopathy, neuropathy, and nephropathy, including dialysis and renal transplantation. Diabetic retinopathy was defined with a past medical history and abnormal results of fundus photography. Diabetic neuropathy was defined with a past medical history and any abnormal results of autonomic neuropathy tests, vibration perception, or current perception thresholds. To define diabetic nephropathy, the albumin/creatinine ratio or estimated glomerular filtration rate (GFR) of random urine sampling was used. Diabetic nephropathy was diagnosed based on microalbuminuria or a GFR below 60 mL/min/1.73 m^2^, where GFR was calculated as:

Estimated GFR (mL/min/1.73 m^2^) = 186.3 × (serum creatinine)^-1.154^ × (age)^-0.203^.

This value was multiplied by 0.742 to calculate the GFR in females.

Analysis of costs of care
-------------------------

The cost data were prospectively collected using electronic databases from six of the KNDP hospitals and comprised medical costs covered by insurance and those not covered. We calculated direct medical costs and did not included non-direct nonmedical costs (e.g., costs associated with transportation and care of dependents). Direct medical costs included outpatient and hospitalization costs. Outpatient costs consisted of costs associated with physician services, medications, examinations, and other (medical supplies). Hospitalization costs were identified from aggregate departmental expenditures.

To compare the costs of patients with and without complications, we classified patients into four disease groups: diabetes without complications, diabetes with microvascular complications, diabetes with macrovascular complications, and diabetes with both complications. We analyzed the costs of type 2 diabetes according to complications for 1 yr after registration in the KNDP cohort.

Statistical analysis
--------------------

Statistical analyses were performed using PASW version 18.0 software (PASW Inc., Chicago, IL, USA). Differences in the baseline characteristics between the groups were compared using the chi-square test for dichotomous variables and one-way analysis of variance (ANOVA) for continuous variables. ANOVA was performed to assess annual costs. For significant ANOVA results, a Tukey post hoc multiple comparison was used to establish differences between the groups. Values of *P* \< 0.05 were considered to indicate statistical significance.

Ethics statement
----------------

The institutional medical ethics committee at each hospital approved the methods involved in the present study (Ajou University Hospital: AJIRB-CRO-05-093; Kyung Hee University Hospital: KMC05-26-04; Inha University Hospital: 2006-67; Hanyang University Hospital: 2005-250; Korea University Guro Hospital: GR0542-001; Kyung Hee University Kangdong Hospital: KHNMC IRB 2006-017). Informed consent was provided by all of the patients following a sufficient explanation of the study.

RESULTS
=======

Baseline patient characteristics
--------------------------------

The baseline characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}. Of the 3,125 patients, 1,768 (56.6%) patients were female. The mean patient age was 54.7 yr (range, 20-86 yr). The average duration of diabetes was 5.7 yr; the average HbA1c level was 7.7%. About half of all patients (46.2%) were treated with oral hypoglycemic agents only, 5.0% of patients were treated with insulin only, and 29.5% were taking drugs for hypertension. About 49% of the patients had a history of smoking.

Comparing baseline characteristics of patients by complication type
-------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows comparisons of patient baseline characteristics by complication type. Of the 3,125 patients, 918 (29.4%) did not exhibit vascular complications; 1,883 (60.3%) had microvascular complications without macrovascular complications; 273 (8.7%) had macrovascular and microvascular complications; and 51 (1.6%) had macrovascular complications without microvascular complications. Patients with both complications were significantly older and had a longer duration of illness. Diet and exercise accounted for treatment in half of the patients without complications. The proportion of patients using insulin was increased in patients with both complications. The percentage of patients treated with antihypertensive medication was higher in patients with complications.

Among those with microvascular complications, 470 patients had retinopathy, 804 patients had nephropathy, and 1,715 patients had neuropathy. There were no patients on dialysis or with a history of kidney transplantation. Among the patients with macrovascular complications, 58 had a history of myocardial infarction, 88 had a history of angina pectoris, and 162 had a history of cerebrovascular events. During the follow-up period, macrovascular complications occurred in 18 patients, and five patients died.

Annual direct medical costs per patient by macrovascular and microvascular complications
----------------------------------------------------------------------------------------

The annual mean cost per capita for type 2 diabetic patients is shown in [Table 3](#T3){ref-type="table"} according to complications. The annual direct medical cost per patient was U\$1,939 equivalent, of which outpatient costs were 74.9% (U\$1,453 equivalent) and hospitalization costs were 25.1% (U\$486 equivalent). Medications accounted for the largest portion (66.6%) of outpatient costs, followed by examinations (22.7%), physician services (8.5%), and other costs (2.3%). Comparing according to complications, the annual direct medical cost per capita was highest in patients with macrovascular complications compared with other patients ([Fig. 1](#F1){ref-type="fig"}).

The annual direct medical costs for a patient with only macrovascular, only microvascular, or both macrovascular and microvascular complications were 2.7, 1.5, and 2.0 times higher than the costs for patients without complications. Costs for hospitalization were higher than costs for outpatient services in the group with only macrovascular complications; however, outpatient costs were highest in the group with both microvascular and macrovascular complications. Medication costs accounted for 64.5%, 67%, 68.5%, and 67.6% of outpatient costs for patients with no complications, microvascular complications only, macrovascular complications only, and both complications, respectively.

Annual direct medical costs per patient by the number of microvascular complications
------------------------------------------------------------------------------------

There were significant differences in the annual direct medical costs between patients with and without macrovascular complications. Among patients without macrovascular complications, the annual direct medical cost per patient increased with an increase in the number of microvascular complications. Specifically, costs for physician services, medications, and hospitalization were significantly higher in patients with more microvascular complications. However, there were no significant differences in costs among patients with macrovascular complications ([Table 4](#T4){ref-type="table"}). Comparisons between patients with one or more complications and those without complications are presented in [Fig. 2](#F2){ref-type="fig"}.

DISCUSSION
==========

In this study, we analyzed the direct medical costs for type 2 diabetic Korean patients according to the type and number of complications. Annual direct medical costs were higher for type 2 diabetic patients with macrovascular or both microvascular and macrovascular complications, and annual direct medical costs increased with an increased number of combined microvascular complications in patients without macrovascular complications.

Many retrospective studies have demonstrated that the presence, type, and number of diabetic complications have an impact on the cost of diabetic care. This prospective study showed similar results. Costs were higher for diabetic patients with complications than for those without complications, and macrovascular complications had a greater impact than microvascular complications. Other studies (e.g., the CODE-2 study) have reported that costs for patients with both complications were highest, followed by macrovascular only and then microvascular only complications. In contrast, our study found that the costs for patients with both complications were lower than the costs for patients with macrovascular complications only ([@B9], [@B15]). This difference may be due to a shorter duration of illness (4.5 yr vs 8.4 yr) or higher hospitalization costs for patients with only macrovascular complications compared to patients with both complications. Higher hospitalization costs for patients with a shorter duration of diabetes were associated with recent macrovascular complications. Brandle and colleagues reported high direct medical costs during the first year following the onset of macrovascular complications ([@B16]). A longer duration of diabetes in patients with both complications also suggested that operations or procedures which occupied a large portion of the costs of hospitalization had already been done. Thus the cost for patients with both complications was lower than that for patients with macrovascular complications only in our study.

Except in the macrovascular complications only group, medication costs accounted for the largest portion of total costs, and the percentage was highest in the microvascular and macrovascular complications group, followed by the microvascular complications only group, and the no complications group. With respect to the distribution of total costs, medications and hospitalization were the largest categories. These results are consistent with those of previous studies ([@B8], [@B9], [@B15]-[@B17]).

In patients without macrovascular complications, the total costs increased with an increased number of microvascular complications. However, in patients with macrovascular complications, additional microvascular complications did not contribute significantly to the direct medical costs. This indicates that macrovascular complications are a major source of costs for diabetic patients and suggests that prevention and proper management of macrovascular complications may be effective interventions for reducing the long-term economic burden of diabetic therapy.

Early diagnosis, optimal management of blood glucose levels, blood pressure, and lipid concentrations; together with early detection and management of complications are important aspects of minimizing the occurrence of type 2 diabetes and its related complications ([@B18]). In general, the level of management for diabetics differs significantly between developing and developed countries ([@B19]). Unlike in acute care, prevention, early detection, and proper treatment of diabetes have not received adequate attention in developing countries ([@B20]). Thus, the prevalence of diabetes is increasing rapidly in developing countries. In Korea, the prevalence of diabetes increased rapidly until the late 1990s ([@B21]-[@B23]). In other developing Asian countries such as China and India, increased prevalence of diabetes has accompanied fast economic growth ([@B24], [@B25]). Recent reports indicate that the prevalence of diabetes in Korea did not change significantly for 7 yr after 1998, suggesting that the prevalence of diabetes in Korea is currently increasing at a rate intermediate between the rates in developing and developed countries. Although the prevalence of diagnosed diabetes in Korea was 68% in 2005 and has increased to a percentage matching that in developed countries, the control of diabetes has not yet achieved the level of control in developed countries ([@B26]). Based on these results, proper management of diabetes and prevention of its related complications may be better approaches than early detection for reducing the cost of diabetes treatment in Korea.

The cost of diabetes care tends to increase in relation to a country\'s degree of economic development, although it is difficult to compare costs between different countries because of social and economic differences and differences in the methods used. Nevertheless, it can be useful to assess the magnitude of the economic burden of diabetes in Korea. Annual direct medical costs per patient in this study (U\$1,939 equivalent) were far less than the costs in developed countries such as the USA (direct medical costs, U\$11,744) ([@B8]) and Germany (direct total cost, U\$4,713) ([@B27]), but were more than those in developing countries such as Iran (direct total cost, U\$152) ([@B28]), India (direct total cost, U\$525.5) ([@B29]), and China (direct medical cost, U\$1,321) ([@B30]). We suggest that the costs for diabetes treatment in Korea, similar to the prevalence of diabetes, are intermediate between those of developing and developed countries.

This study had some limitations. First, because the enrolled patients were from only six general hospitals, this study did not represent the general type 2 diabetic population in Korea. Furthermore, general hospital charges are more expensive than those of non-general hospitals in Korea. Second, the costs in this study reflected only direct medical costs and did not include direct nonmedical costs or indirect costs, making cost comparisons with other countries difficult. Third, although the present study was a prospective cohort study, the costs of medical services provided by other hospitals to the patients enrolled in the current study were not included. Fourth, because the presence of diabetic complications was identified by questionnaires and examinations, reporting bias might have affected the classification of complications and costs. Finally, we did not distinguish the stage of each diabetic complication, which might have affected the cost differences. Future studies are necessary to evaluate the most effective treatment regimens for the prevention of diabetic complications. The strength of our study is its prospective cohort study design. We collected total cost data of enrolled patients in the same hospital for 1 yr. In Korea, most patients who use a general hospital tend to always use the same hospital. Thus, we believe that the costs estimated using these data were reliable.

In conclusion, the economic cost for type 2 diabetes is highly associated with the management of macrovascular complications, rather than microvascular complications. Moreover, the cost increases as the number of combined microvascular complications increases in patients without macrovascular complications. The present study indicates that proper management of diabetes and prevention of related complications are important to reduce the economic burden associated with diabetes.
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###### 

Characteristics of study population
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Data are expressed as the number of patients (%) or range or mean ± SD. BMI, Body mass index; BP, Blood pressure; HDL, High density lipoprotein; LDL, Low density lipoprotein; OHA, Oral hyperglycemic agent.
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Comparison of study population characteristics according to complications
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Data are expressed as the number of patients (%), range, or mean ± SD. Differences between groups were compared using a chi-square test for dichotomous variables and one-way analysis of variance for continuous variables. BMI, Body mass index; BP, Blood pressure; HDL, High density lipoprotein; LDL, Low density lipoprotein; OHA, Oral hyperglycemic agent.
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Annual direct medical costs per patient by microvascular and macrovascular complications (U\$1 = KRW1,000)
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Differences between groups were compared using one-way analysis of variance for continuous variables. OPD, out patient department; KRW, Korean Won.
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Annual direct medical cost per patient by number of microvascular complications (U\$1 = KRW1,000)
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The differences between groups were compared using the one-way analysis of variance for continuous variables. OPD, out patient department.
